2 removed by gel filtration (G-25 material, 10 mm Χ 60 mm). CODHII Ch was concentrated using a centrifugal filter unit (Vivaspin 500, Vivascience AG, Germany) and stored at -80 °C.
Activity Measurement
CO oxidation activity was measured in gas tight cuvettes with CO head space (S3). The protein batch used for crystallization had a specific activity of 12229 units mg -1 (as isolated protein) at 70 °C.
Crystallization and manipulation of crystals
Crystallization and soaking experiments were carried out in the anoxic glove box. Crystals of CODHII Ch were grown in 15 -18 % PEG3350, 200 mM ammonium sulfate, 100 mM Bis-Tris pH 6.5, and 2 mM DT by hanging drop vapor diffusion. Crystals appeared after a few days. All crystals were shock frozen in soaking solutions containing 15 % (v/v) 2R, 3R-butandiol (Sigma) and were stored in liquid nitrogen until the diffraction experiments were carried out.
Data collection
For each of the reported states at least two independently prepared crystals were measured and analyzed. The data statistics reported in Table S1 are given for the crystals with highest diffraction limit. All crystals diffracted to at least 1.9 Å resolution on an X-ray generator with rotating Cu-anode. Data were collected at 100 K.
Crystals belonged to space group C2 with one monomer in the asymmetric unit and cell constants of 112, 74, 70 Å and β=111°.
Structure solution and refinement
Models were built with MAIN 2000 (S5) and COOT (S6) . Positional and temperature factor refinements were carried out using Refmac5 (S7). Restrains for the different states of cluster 4 C were generated by iterative cycles of refinement with weak restrains and generation of new parameters using Refmac5 and SHELX (S8) . Individual occupancies of atoms from cluster C were adapted to show comparable B factors (Table S2 ).
In the final refinement cycles the B factors of iron and nickel ions were refined anisotropically, alternative conformations of several side chains and Fe1 were included and restrains for bond length and angles of cluster C were practically excluded. The final refinement statistics are shown in Table S1 . Simulated annealing omit maps were used to validate the reported structures.
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Geometry of cluster C
In all three states small bond angles (84-101°) are found for the ligands around Fe1 (Table S3 ).
The change from the distorted T-shaped coordination of Ni in the -320 mV and -600 mV state to square-planar coordination in the Ni-CO 2 state is reflected in an opening of the C 526 S γ -Ni-S 3 angle by 12°. The alternative position found for Fe1 is termed Fe1B in Table S2 . Fe1B is very close to the Ni ion (2.3-2.4 Å) and is most likely only occupied in a Ni free form of cluster C. Cluster bond length and angles are similar in all three states (Fig. S1-S4 and Table   S3 ). The opening of the C 526 S γ -Ni-S 3 angle is even more obvious when one compares the 
Water molecules near the OH x ligand of cluster C
Catalytic CO oxidation at cluster C depends on the fast replenishment of the H 2 O/OH -ligand at Fe1. A network of water molecules has been found in the direct vicinity of the water/hydroxo ligand (Fig. S6) , which may participate in refilling the empty coordination site at Fe1 once CO 2 has been liberated. have been implicated in turnover associated proton transfer (S11, S12). 
; where i are the independent observations of reflection h.
b The R free factor was calculated from 5% of the data, which were removed at random before the refinement was carried out.
c Estimated overall coordinate error (ESU) based on maximum likelihood.
Values in parentheses are given for the highest resolution shell. 
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